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1. Introduction 


RuscuMANN (1953) and later Scuiirz & FELBER (1956) were the first to observe the now 
generally known phenomenon that actinomycetes are capable of rapid growth in the di- 
gestive canal of earthworms, forming thereby an important co-dominant fraction in the gut 
microbiota of these animals. Further to this, as implied already by Ruscumany (1953), the 
large actinomycete population densities in the earthworm’s digestive canal may conside- 
rably influence also the species composition of the total gut bacterial community, above 
all through the antibiotic activities of certain Streptomyces and Nocardia species capable of 
colonizing many micro-habitats of the gut milieu. At present very little is known about 
the ecology and biochemical capabilities of the earthworm’s gut actinomycete communities, 
but there is reason to postulate their active participation in the transformation of organic 
materials, in formation of clay-humus complexes and in production of metabolic by- 
-products (“biochemical cement”) responsible for water-stability of coprogenie aggregates. 
Information has also been scanty on the taxonomic composition at species level of the gut 
actinomycete populations of the individual earthworm species although a precise knowledge 
of this would be indispensable for comparative investigations between the gut microbiotas 
of earthworms of different ecological behaviour. 

Ignorance of the taxonomic-ecological aspects in the research work on the biology of 
earthworm's gut-actinomycetes can be excused by the considerable difficulties involved, 
until quite recently, in the identification of species of these organisms. Only the results of 
the International Streptomyces Project published by SurgLiNG & Gorrires (1966; 1968a, b; 
1969; 1972) did open new perspectives in this respect and make the more precise identifi- 
cation of streptomycetes possible, which otherwise are the predominant actinomycetes 
in the gut of earthworms. 

The present paper reports on the species composition of the gut actinomycete community 
of Eisenia lucens, an earthworm species of partieular ecological behaviour, the gut-Vibrio- 
-community of which was investigated and described by M&niariGErI (1979). 


2. Material and method 


Sampling site: Natural forest in the mountainous region of Lillatüred (North-Eastern Hun- 
gary). 

Time of sampling: Gut content samples were collected at the sampling site on two occasions, 
26th September and 18th October 1977. 

Sampling procedure: Specimens of E. lucens Waca, 1857, collected from decaying trunks 
of Fagus silvatica (beech) were washed quickly in sterile tap water, and disinfected superficially 
with Neomagnol (Sodium sulfamino-chloratum) solution. The fresh gut content material was ob- 
tained by massage of the animal's body with sterile forceps. The gut contents were collected into 
sterile Petri-dishes, and transported in portable refrigerator to the laboratory within 4 hrs 

Isolation of actinomycetes: The gut content samples were suspended and se diluted 
in sterile tap water (range: 2:« 10-? — 2 « I0"), and plated at 0.1 ml amounts on h-casein 
agar (soluble starch, Difco 10.0 g; c ein, Difco, 1.0 g; Na, HPO,, 0.5 g; agar-agar, Difco purified, 
15.0 g; distilled water 1000 ml; pH and on glycerol-arginine agar (arginine-HCL, Difco, 10.0 9: 
glycerol, Difeo, 12.5 g; K,HPO,, 1.0g; NaCl, 1.0 g; MgSO,- 7 H0, 0.5 g; trace element solution, 
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1.0 ml; agar-agar, Difeo purified, 15.0 g; distilled water 1000 ml; pH 7.0). After incubation for six 
days at 28 °C, the developed colonies of actinomycetes were randomly isolated and transferred on 
oatmeal agar slants (oatmeal, 40.0 g; agar-agar, Difco purified 20.0 g; distilled water 1000 ml: 
pH 7.2; sterilized at 121 °C), The isolates were numbered serially, incubated in thermostat at 28 °C, 
and stored in the refrigerator at 3 °C until use. 

Purification of the strains: One loopful of each isolate was plated onto glycerol-zlycine agar 
(glycerol, Difco, 20.0 g; glycine, 2.0g; K,HPO,, 1.0 g; NaCl, 2.0 g; MgSO,- 7 H30, 0.5 g; FeSO,, 
0.1 g; CaCO,, 0.2 g; agar-agar, Difco purified, 18.0 g; distilled water 1000 ml; pH terilized at 
121 °C) in 3 Petri-dishes. After incubation for six days at 28 °C, from the distinctly growing colonies 
of similar morphology pure cultures were reisolated on oatmeal agar slants. These were maintained 
by continuous transfers, and were regularly checked for purity. 

Taxonomieal identification of the isolated strains: The diagnostic descriptions of the 
isolated strains of Streptomyces were carried out using the methods and criteria proposed and intro- 
duced by the ISP (Surrtine & Gorreg 1966): morphological sections of SHIRLING & GOTTLIEB; 
colour wheels developed by Tresner & Backus; determination of carbon utilization pattern on 
Pripuam & GorrLIEB's basal salts medium; indicator pigments detected by observing the effect 
of 0.05 N NaOH and 0.05 N HCI on the colour of the substrate mycelium; morphological observa- 
tions on the following standard media: yeast extract — malt extract agar; oatmeal agar; inorganic 
salts — starch agar; glycerol-asparagine agar; tests for melanoid pigment production on tyrosine 
agar and peptone — t — iron agar; surface morphology of spores was i tigated in electron- 
microscope at magn ions approx. 3000— 7000 x, ete. For systematic identification at species level 
the determining key described by Szanó et al. (19 was used. The identified strains of our col- 
lection were then directly compared with the following authentic strains of closely related species: 
S. annulatus ATCC 3307; S. badius INA N 1203/53; S. candidus ATTC 4878; S. chrysomallus ATCC 
11523; S. eilroflureseens FBUA 438; citreus ATCC 10974; S. coelicolor FBUA 491; felleus 
BUCSAY ( S. fimicarius CBS Duent; S. gougeroli. ATCC 10975; 5. griseobrunneus ISP 5066; 
S. griseoalbus INA N 1875/54; S. griseus I . griseus INA H-12; S. griseus Pa 
S. griseus IMRU 3496; S. intermedius ATCC 3: "ori. D levoris ISP levoris 
G S. lipmanii ATCC hiqanensis A-88; inensis 
A-115; S. odorifer ATCC nosohelvolus VN S. rutger- 
sensis ATOC 3350; S. selonii BUCSAV 19,3; S. willmorei ATCC 6867. 


3. Results 


According to the plate count estimates of the relative frequency of actinomycetes in the 
digestive canal of E. lucens is considerably lower than in the gut of other species of earth- 
worms that live in true soil habitats. We estimate their proportion in the gut flora of E. 
lucens characterized by the predominant occurrence of Vibrio type organisms to less than 
10 per cent of the total plate count. 

On a total of 145 Streptomyces, 15 different Micromonospora-type and 5 Nocardia-like 
strains were isolated from the gut content samples collected from Æ. lucens specimens on 
26. 9. and 18. 10. 1977. A total of 122 Streptomyces from among the 145 isolated ones derived 
from the first and second sampling, proved to be the members of a single species. Our 
further studies were focused in the first line on this dominant organism of the gut strepto- 
mycete flora. However the identification of the species position, of the relatively rarely oc- 
curring other streptomycete gut isolates was also carried out on the basis of SzaBó's deter- 
mining key but without any subsequent comparison with related authentic strains. 


The following species distribution was established among the isolated 145 gut streptomycete 
strains: 


1. S. lipmanii ( WAKSMAN et Curtis) WAksMAn et Henrict, 1948 122 strains 
2. Not nearer identified Streplomyces spp. 5 strains 
3. Related to S. spadie 3 strains 
4. S. roseolus (PREOBRAZHENSKAJA et SvEsiNIKOVA) PRIDHAM, HESSELTI 1 strain 
et BENEDICT, 1958 

5. Related to S. aureomonopodiales 1 strain 
6. X. zantophaeus 1 strain 

« S. [laveolus (WAKsMAN) WaksMan et Hennici, 1948 1 strain 


. Streplomyces sp. (Ochroleucus group) 

. Streplomyces sp. (Parvus group) 

. Streplomyces sp. (Griseus group) 

. Streptomyces sp. ( Flavoehromogenes group) 
Undetermined Streplomyces sp. 3 strains 
S. parvulus-like strain 1 strain 


It follows that only one single species was encountered, at a high frequency of occur- 
rence, on both occasions in the gut content samples; all other Streptomyces, Micromono- 
spora and Nocardia-type organisms found were only accidental members (presumedly con- 
taminants) of the gut microflora, deriving probably from the consumed food materials. 
The predominant member of the gut actinomycete population was identified as Sfrepto- 
myces lipmanii on the basis of the ISP-criteria. Although the precise taxonomic position 
of this species within the large “Griseus’ group of streptomycetes to which it belongs is 
still not fully understood, it could be established with certainity that the gut-streptomycete 
population was represented by the predominance of a single species. 

Remarkably, this S. lipmanii gut-population did not even show a notable variability 
in the ISP-criteria. Electron microscopic investigations revealed that all 122 strains formed 
spore chains of similar type ( Rectus-flexibilis), coated by a smooth surface layer (membrane). 
No difference was found in the cultural-morphological properties and carbon source utili- 
zation spectra of the isolated 122 S. lipmanii strains (Table 1). The ISP-eriteria were used 
for direct laboratory comparison of all our freshly isolated S. lipmanii strains with 30 
authentic museum strains of Streptomyces belonging also to the “Griseus’-group (see list 
of the latters; chapt. 2). The result of this comparison confirmed the validity of the iden- 
tification based on SzasBó’s key: only a single type strains, S. lipmanii ATCC 3331, showed 
a complete identity (at least on the basis of ISP criteria) with our gut isolated (Table 2). 

It is remarkable, that although the diagnostic features and the C-source utilization 
speetra given by us for the investigated 30 authentic strains (Table 2) are generally iden- 
tical with those which were published also in the ISP descriptions (SuiRLING & GOTTLIEB 
1968a, b; 1969; 1972) for them, but in some cases our investigations resulted in differing 


Table 1. ISP-diagnostic features of 122 Streptomyces lipmanii strains isolated from gut content 
samples of Eisenia lucens 


Features investigated Media Results 
Sporophore morphology Yeast extract-malt extract agar Reetiflexibiles 
(Pripnaw’s morphological sections) (Med. 2) 
Oatmeal agar ( Med. 3) Rectiflexibliles 
Inorganic salts-starch agar Reetiflexibiles 
(Med. 4) 
The mass colour of sporulating Med. 2 Yellow (2 ba) 
aerial mycelium Med. 3 Yellow (Leb) 
(colour series of TRESNER & Backus) Med. 4 Yellow (2db) 
Pigmentation of the substrate Med. 2 Yellow-brown: 
mycelium (ISP color series) no distinctive 
pigments 


5 Yellow-brown 
4 Yellow-brown 
Soluble pigments «2, 8 None 
Response of substrate mycelium 2, None 
pigments ot pH change 
Melanoid pigment production Peptone-yeast-iron agar None 
‘Tyrozine agar None 
Spore surface morphology at a Med. 3 Smooth. 
magnification of about 8000 » 
D-glucose Pronam & Gorriien’s Positive 
L-arabinose basal salts medium i 
D-xylose 
Linositol 
D-mannitol 
D-fructose Positive 
Rhamnose Positive 
Raffinose Negative 
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Table 2. A comparison of the ISP diagnostie features of 30 authentic, mostly tape strams of Streptomyces spp. (Griseus-series) with the summarized data 


of 122 5. lipmanii strains isolated from the digestive canal of Eisenia lueens*) 


Specific epithet: and g C-source utilization spectra 
designation of strains 28 
$e 
* 
= 
3 E $ ^o SE 
& E #2 és 
2 z 2 IP & - Z . 
5 E ze * 1 E E g A 
d E 2 ER 2 8 g E E $ $$ B 
s S Z = 2 E = E = E E: 
s E Ei p 8 E F t 8 3 3 
2 ES Z  M6M?HdNOOH à à & 4 a à Au A 
Summarized data RF 10—50 8m Y — =e m o ded -— - b+ — ++ ++ ++ - 
of our 122 eut-content 
isolates 
S, annulatus RF 3—10 Sm Y,W Yb — - — ? = ++ ++ -= t+ + ++ ++ = = 
ATCC 830 
N, badius RF 10—50 Sm Y Y-b — = = = = + ++ — ++ — t+ ++ — ++ 
INA N 1203/53 
S. candidus RF 3-10 8m Y Y-b — — — ? ? ++ ++ - ++ + te FE = F 
ATCC 4878 
S. chrysomalus RF 10 Sm Y Yb = = = = = Fp pp = y = $h p ae des 
ATCC 11523 
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WBUA 491 n" 
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S. gougeroli ? ? ? ? Y-b = —--- = ++ ++ — + pp pr pp = ax 
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S. qriseobrunneus HF  10—50 Sm Y Y-bb — + = —- = 44 = — p x Hee ede = - 
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Note, — Authentic strains were investigated synchronously and compared directly with our gut-content isolates. 


*) Abb.: Y = Yellow: 


-series; W — Whiteseries; Y-b 


Yellow-brown series; Y-b+g = Y-b+ green; RF = Rectiflexibiles; Sm = Smooth. 


data. E.g. in raffinose and rhamnose utilization of S. candidus ATCC 4878, S. chrysomallus 
ATCC 11523, S. coelicolor FBUA 491 etc. The reason of these differences lie perhaps in 
temporal variation of these strains. 


4. Discussion 


The present studies have undoubtedly shown that more than 70%, of the gut actinomycete 
flora of Eisenia lucens were represented by the members of a single species: S. lipmanii 
(WakswaAN et Curtis) WakswaN et Henrict, which otherwise is a relatively unfrequent 
organism in nature. This accords well with the earlier observations of other workers (Szasó 
1974) that usually only few species, or occasionally only a single one of the gut actinomye 
population ean occur in the intestinal milieu forming relatively large population densit 
and occupy there a prominent community position. 

Further studies are, of course, required to clarify the nature of the cooperative inter- 
relationships of S. lipmanni with other frequent members of the intestinal bacterial flora 
(e.g. with vibrios) and with the earthworm host itself. It is merely a taxonomic problem 
whether or not the type or authentic strains of S. griseus INA H-12, S. willmorei ATCC 
6867, S. rubiginosohelvolus INA N 10/53 and S. lipmanii ATCC 3331, which are very simi- 
lar to one another, represent only individual members of a single species (S. lipmanii). 
At all events it seems very questionable that the earlier concept of some workers, according 
to which actinomycetes of the consumed food (soil) materials grow, multiply, and become 
co-dominant in the earthworm’s gut without any particular selection, has a general validity. 
At least in the case of Eisenia lucens not at all. 


5. Summary 


In the intestinal canal of Eisenia lucens actinomycetes form a less large fraction of the gut po- 
pulation composed pre-dominantly of Vibrio type bacteria. The results of the taxonomic analysis 
of two representative samples (a total of 165 strains) of the gut actinomycete community show 
that streptomycetes form near 90 percent of this community, within which one single species — 
Streptomyces ipmanii — is the absolute pre-dominant organisms. This statement has let us to con- 
clude that the gut milieu has a particular selective influence. The identification of 122 freshly isolated 
strains of S. lipmanii carried out on the basis of their direct comparison with 30 authentic, 
mostly type strains of closely related species using the methods and criteria of the International 
Streptomyces Project. 
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